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What’s the Point?What’s the Point?

Parsons’
3-Tiered LTMO

Approach combines a
qualitative evaluation

with temporal and spatial
statistics to evaluate the

distribution and
frequency of

groundwater sampling.
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OutlineOutline

• 3-Tiered Approach
Overview

• Data Requirements
• Site Screening
• Qualitative Evaluation
• Temporal Evaluation
• Spatial Evaluation
• Combined Evaluation
• Summary & Applications

Case Study 
Illustration
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3-Tiered Approach at A Glance3-Tiered Approach at A Glance

3-Tiered LTMO

Monitoring Distribution & Frequency
Recommendations

Temporal
Statistical Analysis

Data Compilation Site Screening

Qualitative
Evaluation

Temporal
Statistical Analysis

Spatial
Statistical Analysis
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3-Tiered Methodology3-Tiered Methodology

• Data Requirements
• Site Screening
• Qualitative Evaluation
• Temporal Evaluation
• Spatial Evaluation
• 3-Tiered Summary

DataData

InformationInformation

SolutionsSolutions

DecisionsDecisions
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Data RequirementsData Requirements

• Description of Current Monitoring Program &
Sampling Rationale

• Historical Monitoring Results
• Well Information
• Plume Source, Nature, and Extent
• Hydrogeologic Conditions
• Site Features
• Cleanup Goals/Regulatory Limits
• Logistical/Policy Considerations See Roadmap 

Table 2.2.1
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Site Screening:Site Screening:
Don’t Even Go There?Don’t Even Go There?

• Adequate Data Availability & Format
• “Long Term Monitoring” Program & Adequately

Characterized Site
• Greater than 10 Wells (preferably > 30) (spatial

evaluation)
– Same plume
– Same aquifer/zone
– Same timeframe

• At Least 4 Sampling Events Spaced Over 2
Years or More (temporal evaluation)

• Status Quo for Next Few Years
• Flexible Regulatory Environment
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Site Screening Discussion:Site Screening Discussion:
The Perfect SiteThe Perfect Site

• Essential
• Wish List
• Deal Breakers 
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Case Study Introduction:Case Study Introduction:
Camp Stanley Storage Area, TXCamp Stanley Storage Area, TX

• Simplified version for case study
– Only north-central area plume
– Less than ½ of total site monitoring wells

included
– Simplified hydrogeology

• U.S. Army Facility in operation since 1906 for the receipt,
storage, and testing of munitions

• PCE solvent used as a degreasing agent
• Soil and groundwater impacted by PCE, TCE, and cis-

1,2-DCE
• VOC plumes impacted the on-post and off-post water

supply wells



10

Pre-AnalysisPre-Analysis
Data Preparation/OrganizationData Preparation/Organization

• Analytical results over
time

• Chemical of Concern
(COC) Statistical Analysis

• Monitoring Program
Summary
– “Basecase”

• Basemap
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COC Results Over TimeCOC Results Over Time
• Case study analytical

results available for
future reference

• Allows for quick
viewing of specific
well and chemical
results without
database
manipulation

• User friendly!

CS-D PCE Results over Time

See Table 1
For Case Study Data



12

COC Statistical AnalysisCOC Statistical Analysis
• Data

summary
snapshot

• Use to
identify/
confirm
primary
COCs

• Analyze
for all
wells or by
zoneSee Table 2 for Case Study Data

Primary COCs
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Monitoring Program SummaryMonitoring Program Summary
• “Basecase”
• Includes:

– Wells to include in
LTMO

– Hydrogeologic Zone
– Current Sampling

Frequency
– Sampling Date Range
– Relative Plume

Location

See Table 3 & Handout
For Case Study Data
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BasemapBasemap
• Spatial

representation
of monitoring
network

• Well type/zone
delineation

• General
groundwater
flow direction &
plume location
See Figure 1 & Handout
For Case Study Basemap
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Site Conceptual ModelSite Conceptual Model
• Aquifer Material:  sand and silty sand
• Groundwater Flow Direction:  SW to SE
• Groundwater Flow Velocity:  avg 0.5 ft/day
• Potential Receptor Locations:  mixed ranching

and residential S and W of plume (off-post
domestic and stock wells)

• Unique Site Conditions:  source area SVE,
water supply wells, bedrock high channels
groundwater flow, adjacent property owners
sensitive to off-post migration
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Qualitative Evaluation MethodologyQualitative Evaluation Methodology

• DATA:
– Site characterization
– Monitoring results
– Monitoring Network DQOs, etc.

• INFORMATION:
– Value of each well in big picture context

• SOLUTION:
– Recommend: 

• Well retention or removal
• Optimal sampling frequency

– Provide Rationale

Requires
Experienced

Environmental
Scientist Familiar

With Site
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Qualitative Well Spatial DistributionQualitative Well Spatial Distribution
Decision LogicDecision Logic
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Qualitative Monitoring FrequencyQualitative Monitoring Frequency
Decision LogicDecision Logic



19

Case Study Application:Case Study Application:
Qualitative EvaluationQualitative Evaluation

Recommend removal/retention 
and monitoring frequency 
for case study wells based 

on qualitative factors.  
List rationale.

See Table 4 and Handout for 
Qualitative Evaluation Template
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CS-D IllustrationCS-D Illustration

• Source area well
• High VOC

concentrations >> MCL
• Monitors effectiveness

of source area
remediation

• RETAIN
• Semi-Annual

frequency
See Figure 3 & Handout for Case
Study Wells VOC Results
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CS-MW12-A IllustrationCS-MW12-A Illustration

• Cross gradient well
• COCs historically

ND
• Defines plume

boundary over time
• RETAIN
• Biennial frequency
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CS-MW-1A IllustrationCS-MW-1A Illustration
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CS-MWH-A IllustrationCS-MWH-A Illustration
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Temporal Statistical EvaluationTemporal Statistical Evaluation
MethodologyMethodology

• DATA:
– >4 sampling results over time
– Well/plume location & GW flow direction
– Chemical concentration

• INFORMATION:
– Mann-Kendall Trend analysis
– Automated process

• SOLUTION:
– Recommend retention or removal/reduction based on

decision rationale
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Mann-Kendall Benefits, LimitationsMann-Kendall Benefits, Limitations
& Issues& Issues

• Nonparametric analysis (no data
distribution required)

• Consistent sampling not required
• Uses relative magnitudes– less sensitive

to outliers
• Allows use of NDs
• Potential “spurious trends” with all ND or

Trace values
• >4 values required for robust trends
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Mann Kendall Trend AnalysisMann Kendall Trend Analysis
Example AnalysisExample Analysis

• Compare values
(e.g., 25<81 -1)

• Sum all compared
values

• Count # of values,
NDs, & TRs in data
set

• Determine if Trend,
ND (All = ND) or
PQL (All ND or TR)

• Calculate Z value
and corresponding
normal distribution
confidence level

• Determine trend
based on defined
confidence limit
(e.g., 95%)

1

2

3
4

5
6

See Table 5 for 
Mann Kendall Example Worksheet
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3-Tiered Trend Analysis Options3-Tiered Trend Analysis Options
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TemporalTemporal
TrendTrend

DecisionDecision
RationaleRationale
FlowchartFlowchart

See Figure 3 & Handout
For Temporal Trend
Rationale Flowchart
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Case Study Application:Case Study Application:
Temporal EvaluationTemporal Evaluation

See Table 6 & Handout
for Temporal Trend Results

& Evaluation Template

Recommend reduce/remove or 
retain for case study wells

based on trend results and 
decision flowchart  

List rationale.
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CS-D CS-D  RETAIN RETAIN
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CS-MW12-ACS-MW12-A
EXCLUDE/REDUCE FREQUENCYEXCLUDE/REDUCE FREQUENCY
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CS-MW1-ACS-MW1-A
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CS-MWH-ACS-MWH-A
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Spatial Statistics EvaluationSpatial Statistics Evaluation
MethodologyMethodology

• DATA
– Spatial “Snapshot” of Plume

• Most recent chemical concentrations
• Indicator chemical
• Wells in same zone

• INFORMATION:
– Geostatistical (Kriging) Evaluation

• Develop spatial model (semivariogram)
• Calculate Kriging predicted standard error metric for each

well
– Conducted Using ArcGIS Geostatistical Analyst

Extension or other geostatistical analysis program
• SOLUTION:

– Recommend removal or retention based on relative
spatial value of information from each well

Requires
Experience with
Geostatistics &
Semivariogram
Development
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Spatial Statistics Well Selection &Spatial Statistics Well Selection &
Data PreparationData Preparation

• Select spatial evaluation well set
– Same zone
– Same time

• Define “Indicator” Chemical
– COC with highest concentrations/spatial

extent
– Sum or weighted sum of several COCs
– Multiple COC Analyses

• Develop “Best-Fit” Semivariogram
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SemivariogramSemivariogram Model Model
DevelopmentDevelopment

Idealized 
Semivariogram Model

Case Study 
Semivariogram Model

“Best fit” curve
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Calculate Predicted Standard Error forCalculate Predicted Standard Error for
BasecaseBasecase & “Missing Well” Scenarios & “Missing Well” Scenarios

Basecase Missing CS-10 Missing CS-1

Less relative 
spatial information

More relative 
spatial information
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Calculate Spatial Metrics for EachCalculate Spatial Metrics for Each
WellWell

Median Missing Well Grid
Median Basecase Grid = Spatial Metric

Missing CS-1/Basecase = 1.01

Missing CS-10/Basecase = 1.001
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Case Study Wells:Case Study Wells:
Spatial EvaluationSpatial Evaluation

Based on Kriging Metric, 
Recommend remove, retain or 

no recommendation 
(intermediate range) for case 
study wells based on relative 

value of spatial information

See Table 8 and Handout for 
Spatial Results  & Evaluation Template

X

--             --

???

???
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Frequency 
Adjustment 
Evaluation

Combined Evaluation SummaryCombined Evaluation Summary

• Combine 3
Analyses to
Determine
Final
Distribution
and Frequency
Recommen-
dation

• Qualitative
Verified &
Refined by
Quantitative

Retain
Qualitative

?

Retain
Temp &/or
Spatial?

Retain
Temp &/or
Spatial?

Retain Monitoring 
Point

Reduce Frequency 
(Case by Case)

Case by Case 
Review

Exclude Well from 
Future Sampling

Yes Yes

No

No

Yes

No
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Case Study Evaluation:Case Study Evaluation:
Combined Evaluation SummaryCombined Evaluation Summary

Formulate final recommendations
 for removal/retention and monitoring 

frequency based on qualitative,
temporal, and spatial 

recommendations, and the 
Summary decision rationale 

See Table 9  & Handout for 
Combined Results & Summary Template
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CS-D Combined SummaryCS-D Combined Summary

Retain
Qualitative

?

Retain
Temp &/or
Spatial?

Retain Monitoring 
PointYes Yes

RETAIN well @ Semi-Annual Sampling Frequency:
Temporal statistics confirm qualitative evaluation
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CS-MW12-A Combined SummaryCS-MW12-A Combined Summary

RETAIN well @ Biennial
Sampling Frequency:

Statistics confirm
qualitative evaluation

Retain
Qualitative

?

Retain
Temp &/or
Spatial?

Retain Monitoring 
PointYes Yes
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CS-MW1-A Combined SummaryCS-MW1-A Combined Summary
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CS-MWH-A Combined SummaryCS-MWH-A Combined Summary
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LTMO Case Study ResultsLTMO Case Study Results

31140Total Sampling Events
033Quarterly
60Semi-Annual
98Annual
200Biennial
3541Total Wells

Revised
Network

Original
Network

77.9% Potential Monitoring Reductions in
Sampling Events per Year
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3-Tiered LTMO Summary3-Tiered LTMO Summary

• Qualitative Evaluation
– Experienced geologist

big-picture analysis
• Temporal Statistical

Evaluation
– Mann Kendall trend analysis
– Decision rationale

• Spatial Statistical
Evaluation
– Geostatisical Kriging relative

predicted error analysis

3-Tiered LTMO3-Tiered LTMO
Combines three evaluations
to optimize the distribution

and frequency of
groundwater sampling.
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ApplicationsApplications

• 20+ Sites in Past 3 Years
• 10 to 300+ Well Monitoring Networks
• Identified 13% - 83% Reductions*

• On Average Identified Over 1/3 Reductions*

• Results Highly Dependant on Site Conditions
– No recent optimization and more frequent current

sampling  higher identified reductions
– Sites with small number of wells can still lead to

significant relative reductions

*Reduction in average sampling events per year



PARSONS’PARSONS’ 3-Tiered 3-Tiered
Approach to LTMOApproach to LTMO

For more information please
contact:

Carolyn Nobel
Carolyn.Nobel@parsons.com
(303) 764-8866

John Hicks
John.Hicks@parsons.com
(303) 764-1941


